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SYSTEM AND METHOD FOR EXAMINING MASK PATTERN HDELITY 



CROSS REFERENCE 

[0001] This application claims the benefits of US Provisional Patent No. 
60/467,977, which was filed on May 5, 2003. 

BACKGROUND ' j • wto 

[0002] The present disclosure relates generally to integrated circuit (IC) 

manufacturing, and more particularly to an improved method and system for 

examining mask fidelity to determine an appropriate method to create a mask. 

[00031 Photolithography is one of the principal processes in the manufacture of 
semiconductor devices, and consists of patterning the wafer's surface in 
accordance with the circuit design of the semiconductor devices to be produced. 
More specifically, a circuit design to be fabricated on the wafer is first patterned 
on a mask or reticle. The wafer is coated with a photo resist material, and is then 
placed in a photolithography tool to be exposed to light passing through the 
reticle to produce a latent image of the reticle on the photo resist material. 
Thereafter, the exposed photo resist material is developed to produce the image 
of the mask on the wafer. After the completion of the photolithography process, 
the uppermost layer of the wafer is etched, a new layer is deposited, and the 
photolithography and etching operations are started again. In this repetitive 
manner, a multi-layer semiconductor wafer is produced. 

[0004] As is well known, photolithography tools utilize a lamp or a laser as a 
light source, and utilize a relatively high numerical aperture (NA) objective to 
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achieve a relatively high resolution. The optics of such tools are generally 
designed to produce reduction (negative magnification) of the image of the 
reticle onto the wafer. In order to obtain operating semiconductor devices, the 
reticle must be defect free. Moreover, in most modern processes, the reticle is 
used in a repeated manner to create many dies on the wafer. Therefore, various 
reticle inspection tools have been developed and are available commercially. 

[0005] During the photolithography process, certain entities on the mask will be 
distorted or lost altogether, llus is referred to generaHy as a fidelity issue. It 
includes phenomenon such as line end shortening, corner rounding, and small 
serif disappearance, etc. Some of those are caused by errors on the masks 
themselves, while others can be caused by processing mistakes. When 
generating an actual photo mask from a digital mask design, a mask fidelity 
problem may occur. When circuits on the wafers are made from such a mask, 
certain errors will then show on the wafer. 

100061 It should be appreciated by those skilled in the art that to produce an 
operational microelectronic circuit, a mask must be as defect-free as possible, 
preferably completely defect-free. Therefore, mask inspection tools are needed 
to detect various defects in the masks that can potentially reduce the 
microelectronic circuit fabrication yields. Smaller feature sizes on the masks 
used in the photolithographic process, as well as the use of OPC masks, require 
more sensitive tools for mask inspection. Numerous systems for mask inspection 
have been developed in response to the growing demands for inspecting mask 
fidelity problems. 
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[OOWl The earliest automated inspection tools for detecting noask errors 
utilized a technique termed die-to^ie inspection where the acquired images of a 
die on the mask are compared to corresponding images of a second die from the 
same mask. Any difference between one die to the other die indicated the 
presence of a defect. The technique was Umited in that certain mask surface 
defects (caUed "surface" defects, for example, a particle on the surface of a mask) 
could remain undetected and later appear in a critical mask region after handlmg 
of the mask. 

[00081 Moreover, defects can be detected by ir^pecting the mask using the 
image of the mask produced by the light transmitted through the mask and the 
light reflected by one face of the mask. H^e mask inspection tool that uses this 
method acquires both images then analyzes the images. The results of the 
analysis of the two images yield information on the condition of the mask. The 
image analysis method may use die-to^ie comparison, die-to-database 
comparison, or reflected image to transmitted image comparison. In the die-to- 
database method, the acquired die images from the mask images are compared 
to images that are simulated using the mask design specifications. 

[00091 Such an inspection system can detect defects that may or may not print 
on the photo resist during the actual photolithographic process. The major 
drawback of this method is that it studies the physical structure of the mask 
independently of the optical image actually produced by the mask on the wafer. 
For instance, variations in the line width of the image that the mask produces 
frequently are higher than the corresponding variation in the line width of the 
mask itself. It is desirable, therefore, to relate the physical structure of the mask 
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to the actual image that the mask creates on the photo resist, arid to study 
directly the image that the mask actually produces. 

[0010] In order to facUitate the evaluation of the mask performance at the wafer 
level tools have been developed that are able to scan a mask and yield an aerial 
image of the mask as it would appear at the wafer plane. According to this 
method, the mask inspection system replicates an optical exposure tool's critical 
parameters used during the exposure of the photo resist during semiconductor 
device fabrication. The mask inspection device then applies a set, or a plurality of 
sets, of exposure conditions that may be used in the actual photolithographic 
process to create an aerial image, or plurality of images, from the mask. In 
particular, these systems match the wavelength, the partial coherence of the 
exposure light, illumination aperture and the imaging numerical aperture (N A) 
of the optical exposure system. The created aerial image is typically magnified 
and detected using a CCD camera that is sensitive to the ultraviolet radiation. 
The use of the aerial imaging method permits the detection of the mask defects 
that would print during the actual photolithographic process. The acquired aerial 
images are analyzed using software algorithms developed for defect 
identification. 

lOOlU The inspection methods based on die-to-database comparison that are 
used by the existing aerial imaging systems are not always effective, especially 
for highly complicated mask designs. The die-to-database comparison method 
uses models describing the behavior of an optical exposure system used in the 
mask manufacturing process to produce the simulated image used in the mask 
ii^spection. However, various optical and mechanical factors during the mask 
making process will impact the final mask. As a result, there are limitations in 
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*e accuracy of *e transformation from database to simulated aerial image. In 
addi.ion.aft.these<,uenceofwriting.developinsandetcMnsthepho.^^ 

certain errors may be present on the photo mask or in the re^..ed photo ma^U 

layout which are not readily detectable as m^k defects. For example, — 
Jthehne widths of the image that the photomaskproducesatthewa^erpUne 

are frequently higher than the corresponding variations in the Une widths o the 

itself. MS phenomenon is referred to as the Mask Error Enhancement 
Pactor (MEEF). In effect, the MEEF describes the amplification of reticle errors 
^alized on the wafer surface. This MEEF effect is most noticeable when the 
Uthography involves resolving feati.res on a semiconductor wafer which are 
smaller than the exposing wavelength of the light used by the exposu. too 
whichformsthepattemsonthewafers. The mask defect inspection method 
utilized by the mask vendor, typically specified by the customer, is often the last 
automated layout inspection a mask receives prior to use in the wafer facJrty. 
After receipt a. the wafer fabrication facility, tt.e mask U used to image 
semiconductor wafers for production of semiconductor devices 
,00121 While photo mask manufacti,rers stiive to deliver zer^defect photo 
^ to their customers, there is a certain limit in their photo mask inspection 
capabUities. From the perspective of photo mask manuf acti^rers, the ideal goal 
would be tocreateacircuitonthe water thatdosely mimic what is inad.g.tal 

design in a database. What is needed is an improved method and syst^ for 
detlngmaskfidelityproblemsothatitcanbedeterminedhowanappropr^te 

mask should be created. 



SFVI2579.1 



-5- 



« n« Attorney Docket No.: N1085^0160 

EXPRESS MAIL LABEL NO. EV 306257215 US a«u y itsMC2003-01651 



SUMMARY 

100131 A mea,od and system is disclosed for detenmning mask fidelity problems 
durirtg the manufacturing of electronic circuits. A real and ideal mask 
simulation required digital files are generated, and go tf^ough simulatio,^ to 
generate results that can be comp^ to oWain quantitative evaluation of ti,e 

fidelity problem of the mask. 

,00141 A method and system is disclosed for examining mask pattern fidelity. 
First, a mask picti^e is generated from a first mask with a first OFC model 
appliedtoamaskdesignthereon. T^e mask picture is then converted into a 
^k based simulation file. A first simulation is conducted under a first set of 
predetermined lithography prc«:essi„g conditions using the converted simulation 
ffle to generate one or more fUes of a first set representing wafer photo res.t 
profUe thereof. On the other hand, a mask design in a database mask f de .s 
identified which was used for generating the first mask. The firstOPCmodel is 

appUed to fl^e mask design in the database mask file. A second simulation .s 
ti,en conducted under the first set of predetermined lithography processing 
conditions using the OTCed mask design to generate one or more files of a 
second set representing wafer photo resist profile thereof. The first and second 
sets of files are then evaluated together for the purpose of inspecting mask 
fidelity. 

100151 These and other aspects and advantages will become apparent ftom the 
following detailed description, taken in conjunction wifl. the accompanymg 
drawings, iUustiating by way of example the principles of the disclosure. 
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RUTEF DESCRIPTION OF THE DRAWINGS 

[OM^ FTl Ltrates a process for conducting a mask pattern fidelity 

inspection according to one example of the present disclosure. 

[0017] Fig. 2 illustrates a process for conducting a mask pattern fidelity 
inspection with a plurality of OPC models according to another example of the 
present disclosure. 

[0018] Fig. 3 illustrates a process for conducting a mask pattern fidelity 
inspection for evaluating the mask making process according to one example of 
the present disclosure. 



[^.^A-th^^^^^^^^^ 

for manufacturing semiconductor circuits. As it is known in the industry, there 
are limitations in the accuracy during the transformation from mask design 
database to an actual mask. The actual mask is different from the mask design 
due to limitations of the mask-writing tool and other processing variables. After 
the sequence of writing, developing and etching the mask, certain errors may be 
present on the mask or in the realized mask layout which are not readily 
detectable as mask defects. For example, variations in the line width of the 
image that the mask produces frequently are higher than the corresponding 
variation in the line width of the mask itself. 

[0020] One process that is done to the mask design to make a better mask is to 
apply an Optical Proximity Correction (OPQ process to certain entities in the 
mask design. Such a mask design is known as an OPCed mask design. The OPC 
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process can take on a number of models in the hope that one of them will be the 
most effective so that the OPCed mask design will produce circuits that closely 
mimic the size and shape of the circuits in the design database. 

[OOa] It is hard to predict which OPC model is good for produce final circuits on 
the wafer. Some OPC models applied to the mask design may be "too 
aggressive" in terms of the modifications resulting in distorting features on the 
wafer. Further, if one only compares an actual mask with a particular OPCed 
mask design layout, some final wafer pattern fidelity problems caused by other 
variables in the photolithography process may not be identified. The present 
disclosure provides an improved method and system for evaluating the mask 
quality and the effectiveness of the OPC models. 

[0022] Fig. 1 illustrates a general process 100 for conducting a mask pattern 
fidelity inspection according to one example of the present disclosure. Starting 
from a mask design in a database, a selected OPC model is applied to make a 
mask through an actual mask making process (step 102). A graphical image of 
the physical mask is obtained in step 104 through a selected standard tool such 
as a critical dimension scanning electron microscope (CDSEM). The graphical 
image, whatever the format it is in, may be referred to generally as a mask 
picture. Through the assistance of available standard software, the mask picture 
derived from the physical mask can then be converted into a simulation required 
digital file in step 106 such as a CDS file. This simulation required digital file 
may be referred to simply as a "mask based simulation file". A simulation is 
conducted using this simulation file under a set of predetermined 
photolithography process conditions (step 108). The result of the simulation will 
render certain two dimensional and three dimensional wafer resist profile 
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images. In addition, if desired, an aerial image is also obtainable to represent the 
wafer resist profile. The wafer resist profile images and/or aerial image may be 
collectively referred to as the "real mask simulation result." 

[0023] On the other hand, a layout of the mask design from a database 
corresponding to the physical mask is identified in step 110, and the same OPC 
model as used in making the mask is applied to the design layout to generate a 
digital mask file. The digital fUe may be referred to as the "design based 
simulation file." The simulation file from the design is then simulated in step 112 
with the same photolithography process conditions used for the mask picture 
simulation in step 108. Similarly, the result of the simulation wUl render certain 
two dimensional and three dimensional wafer resist profile images, and/or an 
aerial image. They are referred to as the "ideal mask simulation result." 

[0024] The real and ideal mask simulation results are then compared in step 114 
to obtain quantitative evaluation of the fidelity problem of the mask for the 
particular OPC model. The simulation results can be compared in various ways 
so that the mask fidelity problems are quantified and qualified (step 116). For 
example, coordinates of correlated points on simulation results derived from the 
ideal and real masks can be compared. A threshold can be set to identify errors 
that will cause fidelity problems on the wafer. Through this method, tiie 
differences in the "wafer results" can be identified that are caused by tiie 
difference between the ideal mask and actiial mask. Further, if "unacceptable- 
areas within the total area of the wafer is bigger than a predetermined threshold, 
the OPC model or/ and the particular mask making process applied can be 
viewed as unacceptable. It is also noted that the comparison can be done to a 
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portion or a particular featiire of the mask, but it can also be applied globally to 
the entire mask. 

[0025] Fig. 2 is a process 200 for comparing a plurality of OPC models to 
determined which one should be applied resulting in tiie best actiial mask 
corresponding to a particular mask design. It would also determine which OPC 
models are unusable under a set of predetermined mask making process 
conditions. In step 202, a selected set of OPC models are applied to make a set of 
masks through an actiial mask making process. A graphical image for each of 
the physical masks is obtained in step 204 through a selected tool such as a 
critical dimension scanning elecfaron microscope (CDSEM). Through the 
assistance of available standard software, the mask pictiires derived from the 
physical masks can then be converted into simulation required digital files in 
step 206 (e.g., CDS files). The simulation required digital files are referred to as a 
"mask based simulation files." A simulation is conducted using each mask based 
simulation file under a set of predetermined photolithography process 
conditions (step 208). The result of each simulation will render certain two 
dimensional and three dimensional wafer resist profile images. In addition, if 
desired, an aerial image is also obtainable. The wafer resist profile images 
and/or aerial image are collectively referred to as the "real mask simulation 
result." On the other hand, a layout of the mask design from a database 
corresponding to the physical mask is identified in step 210, and the same OPC 
models as used in making the mask are applied to the design layout to generate a 
set of digital mask files. The digital mask files may be referred to as tiie "design 
based simulation files." The design based simulation files are tiien simulated in 
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Step 212 with the same photolithography process conditions used for the mask 
picture simulation in step 208. 

[00261 At this point, a set of real mask simulation results corresponding to the 
same mask design have been obtained. The differences are largely caused by the 
different OPC models applied. When evaluating the results, they can be each 
compared against the corresponding mask simulation result. They can also be 
subject to a "horizontal" comparison in which relative "aggressiveness" of the 
OPC models are clearly identified. Through this process, the best OPC model 
may be identified that is suitable to a particular mask making process. 

[0027] It is further noted that the present method can also be applied to detect a 
best mask making process by comparing various masks sharing the same design 
database and OPC model but having different mask making process variables. 
The mask making process include variables that can affect the end result of the 
finished mask. For example, various writing tools such as an E-Beam writer or 
optical writer, and their respective writing conditions such as exposure dosage or 
writing sequence can introduce variables that affect the resulting mask. Other 
processes also contribute to the fidelity of the mask. A post exposure or post 
resist developing baking may contribute to the uncertainty of the mask fidelity 
based on baking time, temperature, baking mode, etc. In a resist developing 
process, the developing time, chuck speed, developing mode can all be variables. 
An etching process can have more variables such as the etching gases used, 
pressure, power, etc. 

[00281 Fig. 3 illustrate a process for evaluating the mask making process 300. A 
set of masks are made in step 302, with each one of them having variables 
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specifically controlled in the mask making process that are different than others. 
Respective mask pictures can be obtained in step 304, and mask based simulation 
files are made therefrom in step 306. Simulations are conducted in step 308 to 
extract wafer resist profiles based on these different mask basked simulation 
files. From the mask design end, the design file is identified and the same OPC 
model is applied in step 310, and a separate simulation is conducted in step 312. 
These simulations are evaluated against each other in step 314 to identify a 
preferred mask making process for the mask design used. 

[00291 As such, the disclosed method and system can detect which mask is the 
best among all in terms of mask fidelity, the best OPC model, as well as the best 
mask making process. Various benefits are achieved over conventional 
approaches. For example, it separates possible errors caused purely by processes 
for making the mask from other errors caused by other photolithography 
processes when using the actual mask. By using this method, the f ideUty 
problem caused by the mask itself can be clearly identified, and a best OPC 
model or a best mask can be selected for final manufacturing need. 

[0030] The above disclosure provides many different embodiments, or 
examples, for implementing different features of the invention. Specific examples 
of components, and processes are described to help clarify the invention. These 
are, of course, merely examples and are not intended to limit the invention from 
that described in the claims. 

[0031] While the invention has been particularly shown and described with 
reference to the preferred embodiment thereof, it will be understood by those 
skilled in the art that various changes in form and detail may be made therein 
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without departing from the spirit and scope of the invention, as set forth in the 
following claims. 
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